The diet of the Brazilian slender opossum (Marmosops paulensis) was determined through analysis of fecal samples collected in an area of montane Atlantic forest in southeastern Brazil. M. paulensis consumed insects, arachnids, gastropods, fruits, flower parts, and small vertebrates. The observed preference for Piper fruits could be related to the spatiotemporal predictability of this item, whereas the observed preference for the Coleoptera, the Blattodea, and the Opiliones could be due to overestimation of hard-bodied prey. Diet composition varied seasonally, with invertebrates and flower parts being consumed more during the dry season, probably because of their higher relative abundance when compared to fruits in this season. Diet was more diverse during the dry season, because of the inclusion of new fruit species and the reduced contribution of Piper fruits in the diet. We suggest that M. paulensis is more frugivorous than previously thought and that this species can be an important seed disperser of pioneer plants, especially of Piper species.
Diet is an important aspect of mammalian ecology and understanding it is fundamental to interpretation of life history data (Lee and Cockburn 1985) , habitat use (Julien-Laferrière 1995) , and community structure (Leite et al. 1996) . Neotropical marsupials, which comprise approximately 80 species widely distributed through North, Central, and South America (Wilson and Reeder 1993) , are predominantly omnivorous (Santori and Astùa de Moraes 2006) . Studies on diet composition of these animals report a wide variety of food items, including invertebrates, fruits, small vertebrates, and, occasionally, carrion, nectar, and other plant parts (Gribel 1988; Santori et al. 1995 Santori et al. , 1997 .
Seasonal shifts in the diet composition of didelphid marsupials usually are associated with differential availability of food items. Didelphis, for example, consumes fruits in proportion to their availability (Cáceres 2000) . Moreover, several studies on the diet of didelphids describe a pattern of higher consumption of those food items with higher relative abundance (Cáceres 2002; Julien-Laferrière and Atramentowicz 1990; Vieira et al. 1991) . However, most of those studies did not measure food availability directly in the field, and instead used rainfall patterns as an indirect index of food supply.
The Brazilian slender opossum (Marmosops paulensis Tate, 1931) is a nocturnal, small (20-to 70-g) member of the Didelphidae that inhabits montane forests above 800 m in the Brazilian Atlantic forest (Mustrangi and Patton 1997) . To our knowledge, there currently is no information on the diet of this species, although examination of data on the congener M. incanus suggests a diet constituted mainly by insects (Fonseca and Kierulff 1989; Stallings 1989) . In this study, we provide data on seasonal variation in the food supply of M. paulensis and quantitatively describe the diet of M. paulensis in a montane Atlantic forest in southeastern Brazil. We also examine the role of these variations in food supply on arthropod and fruit selection by this marsupial. Finally, we report seasonal variations in diet composition of this species. 228C, with a wet season from October to February and a lessrainy and cold season (hereafter ''dry season'') from March to September. The study grid was located in a region known as ''Sede,'' covered with old secondary growth vegetation, at approximately 850 m elevation.
We set 80 Sherman live traps (model XLF15, 10.5 Â 12 Â 37.6 cm; H. B. Sherman Traps, Inc., Tallahassee, Florida) monthly, from August 2002 to July 2004, in 5 parallel 140-m transects. Transects were 50 m apart and had 8 trapping stations, separated by 20 m. We placed 2 traps at each trapping point, 1 on the ground and the other on tree branches or vines at height of about 1.5 m. We baited all traps with a mixture of banana, peanut butter, oatmeal, and bacon. Traps were checked daily for 5 consecutive days, and baits were replaced when necessary. We marked the animals with individually numbered ear tags (Zootech, Curitiba, PR, Brazil) , and recorded their sex, weight, and reproductive condition (swollen nipples and presence of young for females). After recording those data we collected fecal samples directly from each individual or from inside the trap after releasing the animal. Trapping and handling conformed to guidelines sanctioned by the American Society of Mammalogists (Animal Care and Use Committee 1998) .
Feces were stored in small plastic containers and frozen to avoid deterioration. Fecal samples were washed in 2 superimposed sieves of different mesh sizes (0.7 mm and 0.1 mm), and analyzed under a binocular microscope. Items were identified at the lowest taxonomic level possible, and separated to 4 categories: seeds, other plant parts, invertebrates, and vertebrates. Consumption frequency of each food item (reported as percent) was calculated as the proportion of samples that contained that item. Only 1 sample per month for each individual was used to avoid pseudoreplication.
Arthropod and fruit availability were estimated from May 2003 to July 2004. We measured arthropod abundance using 40 pitfall traps, consisting of plastic containers (200 cm 3 ) filled with 70% ethanol. Pitfall trapping is widely used to estimate the abundance of terrestrial arthropods (e.g., Pinheiro et al. 2002a ). All pitfall traps were placed in the field during each trapping session, and removed after 3 days of exposure. Trapped arthropods were identified to the level of order. Then, we counted the arthropods and used the sum of all orders, excluding those that were not consumed by M. paulensis, as an index of availability of this category.
We estimated fruit availability in twenty 30 Â 1.5 transects, located inside the capture grid. Monthly, in each transect we counted the total number of fruits produced by all fertile individuals of the families Piperaceae, Solanaceae, Melastomataceae, and Rubiaceae. We chose these families because they have been documented in the diets of neotropical marsupials (Cáceres 2002; Pellegatti-Franco and Gnaspini 1996; Pinheiro et al. 2002b) , and also because those plants presented trees ,5 tall, which frequently allowed us to count the complete fruit set. We excluded trees .5 m tall, assuming that M. paulensis would consume their fruits only if they occasionally fell on the ground, because M. paulensis seldom uses the upper stratum (Leiner 2005) . We used the total number of fruits produced in each month as an index of fruit availability.
Data analysis.-We tested the relationship between monthly abundance of either fruits and arthropods and total monthly precipitation in the study site, using Spearman rank correlation, because the data did not meet the assumption of normality even after data transformation. We also performed correlations between production of fruits and arthropods and rainfall with a time lag of 1 and 2 months. To evaluate possible selection among the arthropod category we ran a modified G-test (Krebs 1999) . The slight alteration in the test procedure proposed by Krebs (1999) is due to the sampling errors associated with estimates of resource availability. The same procedure was used to evaluate selection among the fruit category.
We tested for seasonal variation in the diet of M. paulensis by comparing the number of occurrences of each food category in the dry and wet season, using a chi-square independence test with Yates correction (Zar 1999) . Fruits (seeds), invertebrates (arthropods, arachnids, and gastropods), vertebrates, and flowers were used as food categories in the statistical analysis. We used only categories whose expected frequency was .5 in chi-square calculations (Zar 1999) . We also calculated the diversity of items with the Shannon-Wiener index (Krebs 1999) , and compared values of this index between seasons using a Hutcheson's t-test (Zar 1999) . Analyses were done using BioEstat 3.0 (Ayres et al. 2003) and Ecological Methodology software (Krebs 1999) .
RESULTS
Patterns of resource availability.-The abundance of fruits and arthropods fluctuated seasonally, and both were significantly correlated with rainfall in the same month (lag time of 0 months: fruits r s ¼ 0.68, P ¼ 0.005, n ¼ 15; arthropods r s ¼ 0.76, P ¼ 0.0009, n ¼ 15). However, there was no significant correlation between abundance of fruits and rainfall with a time lag of 1 month (r s ¼ 0.42, P ¼ 0.12, n ¼ 15) or 2 months (r s ¼ 0.36, P ¼ 0.19, n ¼ 15). On the other hand, the abundance of arthropods was correlated with rainfall with a time lag of 1 month (r s ¼ 0.63, P ¼ 0.01, n ¼ 15), but was not significantly correlated with rainfall with a time lag of 2 months (r s ¼ 0.37,
Two periods were evident: a season of high fruit and arthropod availability from December to March, and a season of food shortage, with few plant species producing fruits and lower arthropod availability, from May to September (Fig. 1) . Throughout the period of resource scarcity, which was associated with low temperatures and reduced rainfall, the only fruits available belonged to few individuals of Ossaea amygdaloides (Melastomataceae; Fig. 2 ). On the other hand, during the period of resource abundance, Piper gaudichaudianum, other unidentified Piper (Piperaceae), Solanum (Solanaceae), and Psychotria (Rubiaceae) were the most abundant fruiting plants in the study area (Fig. 2) . Despite the high number of fruits produced by the large number of Piper individuals ( X ¼ 226 6 145.3 SD, n ¼ 60), only a few ripe fruits were available on a nightly basis ( X ¼ 15.3 6 5.3). In contrast, Psychotria presented a high number of ripe fruits while fruiting ( X ¼ 250.66 6 205.42, n ¼ 63); this also occurred with Melastomataceae species, which produced more than 400 ripe fruits (n ¼ 5) during the wet season.
Most arthropod orders presented very similar abundance values in both seasons; the Orthoptera and Blattodea had higher abundance during the dry season. The most abundant orders during the wet season were Coleoptera and Hymenoptera, whereas during the dry season Orthoptera and Hymenoptera presented the highest abundances. On the other hand, Araneae and Opiliones presented low abundances, when compared to the other orders, in both seasons (Table 1) .
Food consumption.-Seeds, arthropods, gastropods, flower parts, feathers, and bones were found in fecal samples (n ¼ 61) of 42 individuals of M. paulensis. Feathers and bones were consumed at very low frequency (4.9%) and we were unable to identify to which species they belonged, so we pooled them together in the vertebrate category. We recorded 18 different types of seeds and invertebrates: 11 fruit species, 6 arthropod orders, and 1 mollusk (Table 1) . Insects (78.6%), fruits (54.1%), and also an unidentified spikelike inflorescence (39.3%) were the commonest items in the diet of M. paulensis (Table 1) .
Arthropod orders were not selected at random by M. paulensis during the dry season (v 2 ¼ 27.27, d.f. ¼ 5, P ¼ 0.0001) and the wet season (v 2 ¼ 30.70, d.f. ¼ 5, P , 0.00001). The Blattodea, Coleoptera, and Opiliones were more frequent in the diet than expected due to their abundance in the environment in both seasons (Figs. 3A and 3B Figs. 4A and 4B) . Piper was by far the most frequent fruit in the diet of M. paulensis, accounting for 95% of all fruits consumed by this species. During the wet season, which corresponded to the fruiting period of Piper, this fruit was found in 79% of the fecal samples. On the other hand, fruits from the Melastomataceae and the Solanaceae were consumed less by M. paulensis than expected based on their availability.
In general, fruits and arthropods were consumed year-round, although their frequencies in the diet of M. paulensis changed seasonally. Arthropods were more frequent during the dry season (v 2 ¼ 6.4, d.f. ¼ 1, P , 0.05), whereas fruits were eaten at similar frequencies during both seasons (v 2 ¼ 0.78, d.f. ¼ 1, P 0.05). Furthermore, during the dry season, the diet of M. paulensis was more diverse (H9 wet ¼ 3.121, H9 dry ¼ 3.498, t ¼ À7.39, P , 0.001). This result was due to the presence of new fruit species and the reduced contribution of Piper fruits in the diet of M. paulensis at this time of the year. Interestingly, this reduction in the frequency of Piper was followed by a rise in the frequency of a flower species in the diet of M. paulensis.
DISCUSSION
In our study, M. paulensis consumed a wide variety of food items, including insects, arachnids, mollusks, vertebrates, fruits, and even flowers, indicating a generalist diet. As with other mouse opossums studied so far, such as Micoureus paraguayanus (Pinheiro et al. 2002b) and Gracilinanus microtarsus (Martins and Bonato 2004) , the most abundant insect order found in the diet of M. paulensis was Coleoptera, followed by Hymenoptera. The high abundance of ants in the diet of M. paulensis does not necessarily imply a preference for this item, and instead may be due to the high abundance of ants in our study site. On the other hand, Coleoptera, Opiliones, and Blattodea were consumed in spite of their lower availability, suggesting that M. paulensis may prefer these items. However, this pattern could be due to an overestimation, because hard-bodied prey are easier to detect in the fecal samples (Dickman and Huang 1988) . In fact, all the arthropods consumed by M. paulensis belonged to hard-bodied orders, whereas soft-bodied orders such as the Amphipoda and the Diptera, which were very abundant in the pitfall traps, were not found in the feces of M. paulensis. Moreover, as pointed out by Dickman and Huang (1988) , the remains of Orthoptera are difficult to distinguish from those of Blattodea, and we may have assigned some of those remains to the latter, leading to a further overestimation of the Blattodea.
Regarding fruits, M. paulensis consumed mainly pioneer species. Pinheiro et al. (2002b) , working in an area of small fragments in the Brazilian Atlantic forest, also found only pioneer plants in the diet of Micoureus paraguayanus, especially Cecropia pachystachya (Cecropiaceae) and Piper mollicomum (Piperaceae). At our study site, Cecropia individuals were very rare, with only a few juveniles (which did not produce fruits) during the entire study period. Vieira and Izar (1999) , also working at Parque Estadual Intervales, found a high frequency of seeds of epiphytic species of the family Araceae in the diet of M. paraguayanus; however, aroids were not observed in M. paulensis feces. This difference may be due to the more terrestrial habits of M. paulensis, which are seldom captured in trees and cover most of their range on the ground (Leiner 2005) , when compared to the scansorial genus Micoureus (Passamani 1995) , which is more often captured in trees (Pires and Fernandez 1999) .
There seemed to be a strong selection among fruits by M. paulensis in both seasons. Four factors are important to determine food selection: availability, accessibility, palatability, and energetic value (Owen 1982) . Despite the high abundance of Psychotria fruits, these were not consumed at all. On the other hand, Piper was by far the most frequently consumed fruit. Although other plant species produced a larger number of fruits (e.g., melastome shrubs), they were less consumed. Phenological studies suggest that Piper is a ''steady-state resource'' (Fleming 1981) , producing few fruits on a nightly basis during a long fruiting period. Fleming (1981) and Mello et al. (2004) argued that the choice of Piperaceae plants by Carollia bats reflected the high temporal and spatial predictability of these plants. This predictability could benefit M. paulensis by reducing its foraging costs, as earlier proposed for fruit-eating bats (Fleming 1981; Thies and Kalko 2004) .
Seasonal variation in food habits is a common pattern among generalist species and may be a consequence of fluctuations in resource availability (Julien-Laferrière 1999) . Several studies on diet composition of opossums demonstrated a trend in which fruits and invertebrates were consumed at a higher frequency during the wet season, because of a higher abundance at this time of the year (Cáceres 2002; Charles-Dominique et al. 1981; Julien-Laferrière and Atramentowicz 1990) . The diet of M. paulensis showed seasonal changes, such as the inclusion of new fruit species in the diet and the higher frequency of invertebrates and flowers during the dry season. Although invertebrate abundance dropped markedly at our study site during the dry season, its higher frequency in the diet of M. paulensis can be explained by its relative abundance when compared to fruits during this period. Seasonal changes in the diet also were described in brown-nosed coatis (Nasua nasua), which consumed a higher frequency of fruits during the dry season because of their higher relative abundance compared to arthropods (Alves-Costa et al. 2004) . Furthermore, several studies on mammalian energetics suggested that during periods of low availability and quality of resources, animals tend to increase their rate of food intake (Batzli et al. 1994) . Previous studies on Caluromys derbianus, C. lanatus, and Didelphis marsupialis have already described flower consumption by these species, especially during the dry season, when fruit abundance is low (Gribel 1988; Steiner 1981; Vieira et al. 1991) . Unfortunately, we could not identify the flower species consumed by M. paulensis, and all we know is that it belongs to a species that produces erect, spikelike inflorescences. Generally, marsupials have been seen visiting chiropterophilous plants, such as species with nocturnal anthesis and strong odor (Steiner 1981) . Because our study flowers were more frequent in the diet during the period of resource scarcity, it is possible that M. paulensis may use nectar and pollen as an additional or alternative food source during this period, as argued for C. derbianus in Panama (Steiner 1981) and for D. marsupialis in southeastern Brazil (Vieira et al. 1991) . However, pollen grains were never recorded in the diet of M. paulensis, posing a question of whether flower consumption was incidental while foraging for insects in the foliage. To answer this question, field observations on the foraging behavior of M. paulensis would be helpful.
Opossums are considered to be opportunistic fruit eaters (Atramentowicz 1988) , and mouse opossums are described as highly insectivorous species (Santori et al. 1995) . However, in our records the diet of M. paulensis presented a larger amount of plant parts (fruits and flowers) than in other studies on congeneric species, which found arthropods in 100% of the fecal samples, and few seeds and other plant parts (Palma 1996; Stallings 1989) . Our findings are in agreement with those of Astùa de Moraes et al. (2003) , who reported that mouse opossums rely more on fruits than previously thought and may meet most of their energetic requirements by eating fruits. As discussed by Santori and Astùa de Moraes (2006) , the earlier classification of mouse opossums as insectivore species could be due to the underestimation of seeds in fecal analysis, as fruit pulp is rarely recognizable in the feces and larger seeds are not ingested (Charles-Dominique et al. 1981) , or even are spit out (R. T. Santori, pers. comm.) . Moreover, our results suggest that when fruits (especially Piper) were not available, M. paulensis increased the consumption of other items. This pattern of diet seems to be in accordance with the theory of optimal diet, as proposed by Schoener (1971) , although further tests are required to test this hypothesis.
In spite of our findings regarding greater fruit consumption than expected, we consider it improper to place M. paulensis in a strict feeding category (such as frugivore-omnivore), because it would overlook subtle, important differences in its natural diet. However, our results allow considerations on the role of M. paulensis on forest regeneration through seed dispersal, because this marsupial consumes large amounts of fruits, mainly from pioneer plants. Furthermore, several studies pointed out that didelphids can act as important dispersal agents in neotropical forests (Cáceres 2002; Cáceres et al. 1999; Medellín 1994) , even accelerating germination rate of seeds (Grelle and Garcia 1999) . Although we did not run germination experiments, most seeds were found intact in fecal samples of M. paulensis. Examination of data on movements of M. paulensis (Leiner 2005) indicates that this marsupial can drop seeds away from the parent plant, consequently reducing seed mortality (Janzen 1970) . Because Piper presents clonal growth, M. paulensis may enhance not only the establishment of new individuals but also the genetic diversity among such populations. Hence, our study highlights the importance of fruits in the diet of M. paulensis and shows that a higher consumption of arthropods, flowers, and other fruit species can take place during the dry season, when Piper fruits were not available.
RESUMO
A dieta do marsupial Marmosops paulensis foi determinada através da análise de amostras fecais coletadas em uma área de floresta Atlântica montana, no sudeste do Brasil. Insetos, aracnídeos, gastrópodes, frutos, flores e pequenos vertebrados foram consumidos por indivíduos de M. paulensis. Piperáceas, Blattodea, Coleoptera e Opiliones foram consumidos em maior freqüência do que esperado, de acordo com a disponibilidade dos mesmos, sugerindo preferência por esses itens. A preferência por piperáceas pode ser devida à previsibilidade espacial e temporal desses frutos. Entre artrópodes, a preferência pelas ordens mencionadas acima parece ser um artefato da maior facilidade em encontrar itens de corpo duro nas amostras. Houve variação sazonal da dieta, de forma que invertebrados e flores foram mais freqüentes na dieta durante a estação seca, provavelmente devido a maior abundância relativa desses itens nesse período. A diversidade da dieta de M. paulensis também foi maior na estação seca do que na ùmida, devido à inclusão de novas espécies de frutos e à menor proporção de Piper na dieta nesse período. O presente estudo indica que M. paulensis é mais frugívoro do que alegam estudos anteriores e que pode agir como um dispersor eficiente de espécies pioneiras, principalmente de piperáceas.
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